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Abstract: Municipal wastewater discharge causes severe environmental pollution and public health risk through 
improper practices. Centralised wastewater treatment plants are not a viable option to the current problems for 
wastewater disposal and water scarcity especially in developing countries, remote areas and arid regions. In arid 
regions all sources of good quality water are committed to domestic needs leaving very little for food production. 
Places such as Western Australia are faced with extreme conservation pressure on existing surface and groundwater 
supplies, creating the need for more efficient and sustainable use of freshwater. Properly planned use of domestic 
wastewater alleviates surface water pollution, conserves valuable water resources and makes use of the nutrients 
contained in sewage to grow crops. The high nitrogen and phosphorus content of secondary treated wastewater may 
reduce or eliminate the need for application of chemical fertilizers in agriculture. The major concerns in using 
wastewater for food production are the concentration of the contaminants and microbial pathogens in the crop though 
there is a lack of evidence to prove this. 
Secondary treated effluent from domestic on-site treatment systems could be used to grow crops without the risk of 
contamination through the method of hydroponics. Due to growing plants in a controlled condition with minimum 
exposure of edible parts to the wastewater medium, this method ensures maximum use of water with minimum risk to 
health and environment. The present study is aimed to assess the suitability of secondary treated wastewater from 
onsite treatment system for hydroponics and to study the plant growth compared to a commercial hydroponics 
medium.  
 





Due to rapid urban growth throughout the world, local water shortages have become increasingly frequent even in 
humid regions (Riper and Geselbracht, 1997; Yoon, et al., 2001). The problem is compounded in many arid and semi 
arid countries, where water is becoming a scarce resource. Planners are forced to consider other sources of water 
which may be used economically and effectively to promote further development (Al-Jayyousi, 2003). Water 
reclamation for urban use has begun to receive considerable attention around the world (Oron, et al., 1999; Riper and 
Geselbracht, 1997). Wastewater reclamation and reuse provides an innovative and alternative option for agriculture 
(Haruvy, 1997; Lu & Leung, 2003).  
The increase in food demand by the world’s growing population outstrips the production of agricultural products. 
The mobilisation of land and water resources is proceeding fast and water is often the most important factor for 
increasing agricultural production (Angelakis, et al., 1999). The most accessible fresh water resources are now almost 
entirely committed, leaving only alternative water resources for irrigation purposes (Angelakis, et al., 1999).  
There are concerns with wastewater reclamation and reuse due to public health risk and therefore close monitoring 
of the infrastructure and wastewater being reused is recommended (Kivaisi, 2001; Lu & Leung, 2003). When using 
wastewater for irrigation some of the parameters to consider are the quality of treated effluent, amount of effluent 
being used, buffer zones and the probability of contamination of surface water bodies and groundwater sources 
(Department of Primary Industries, 2001). 
The primary objective of any wastewater reuse project is to minimise or eliminate potential health risks. 
Pathogenic organisms are the greatest health concern in agricultural use of wastewater though few epidemiological 
studies have established definitive adverse health impacts attributable to the practice (Cooper, 1991). Of primary 
concern is the possible introduction of microbial pathogens into the groundwater by using reclaimed water for 
irrigation purposes (Wall, et al., 2002). The possible accumulation of some toxic elements in plants and the intake of 
toxic materials through consumption of these crops must be carefully assessed before it can be adopted (Sadovski, et 
al., 1978)  
Most semi-arid and arid countries have limited water resources (Grobicki & Cohen, 1999), and for this reason, it is 
important to look at on-site wastewater treatment systems to assist in water conservation. This can be done by using 
an on-site treatment unit like BioMax, which is an aerobic treatment unit that utilises both aerobic and anaerobic 
bacteria to breakdown blackwater and greywater. The BioMax treatment unit can be integrated with hydroponics, 
which is an intensive plant growth option that also ensures maximum use of water (Nair et al., 2004). The effluent 
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may then be used for irrigation, potentially increasing irrigation to raise agricultural productivity. The treated 
effluent may then be used for intensive horticulture to further utilise the nutrients contained. 
Hydroponics is a method of growing plants in an artificial nutrient medium with controlled physical and chemical 
conditions. Hydroponics is gaining increased attention as a bio-integrated food production system as it helps meet the 
goals of sustainability by following certain principles; the waste products of one system are recycled as food for a 
second biological system, increasing diversity and enhancing the system stability by regulating nutrient levels 
naturally (Diver, 2000). This study assesses the suitability of hydroponics for treatment of wastewater to meet the 
disposal quality set by NHMRC and compares plant growth using wastewater and hydroponics medium.  
 
Materials and methods 
 
The experiment was conducted in 42L (59 x 35 x 23 cm) plastic storage containers. The wastewater (WW) was taken 
from the clarification chamber of the BioMax system, located at the Environmental Technology Centre (ETC), 
Murdoch University. The hydroponics medium (Ag-Grow) used for the control of the study was made according to 
the instructions to a ratio of 5mL of hydroponics commercial medium (CM) to 1L of water. This is a general-purpose 
hydroponics’ plant nutrient medium. 
Uniform sized seedlings of tomato and pansies bought from a nursery were used for the study. The experiment 
was conducted with 12 seedlings each of tomato and pansy. The experiment was conducted for 12 weeks in an indoor 
laboratory with adequate light, to prevent loss of water through evapotranspiration. Water analysis and growth 
measurement of plants were conducted weekly. Water was changed depending on the reduction in medium level. The 
WW and CM were analysed for pH, ammonium, nitrate and phosphate. The microbial quality of WW was analysed 
by testing for feacal coliform and salmonella in 100mL (CFU/100mL) sample using membrane filtration method 
(Standards Australia, 1995a; Standards Australia, 1995b). The plant growth was measured by noting the stem growth, 




Medium was added on days 42 and 77, when it was found that the volume had reduced.  
 
pH: The changes in pH levels are shown in figure 1. The first 21 days, the pH decreased (6.08 –5.08) in all media and 
the trend is similar in the WW tubs and in the CM tubs. The next 25 days there was a fluctuating pattern in all media. 
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Figure 1 Changes in pH levels in WW and CM during plant growth. 
 
Ammonium: Figure 2 illustrates the increase in ammonium concentration in WW, between days 14-21. By the 35th 
day, the ammonium concentration had dropped. The increase in the 42nd day is when new media was added. The 
ammonium concentration generally decreased in WW tomatoes, 0.005mg/L, CM tomatoes, 0.071mg/L and CM 
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Figure 2 Changes in ammonium levels (mg/L) in WW and CM during plant growth. 
 
Nitrate–nitrogen: The reduction in nitrate-nitrogen was slow initially when the plants were small until the 35th day. 
The increase noted for all media at day 42 and 63 occurred with the addition of fresh media. The drop was drastic 
during the final weeks for wastewater tomatoes (76.47%), hydroponics tomatoes (80.99%), hydroponics pansies 
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Figure 1.3 Changes in nitrate-nitrogen levels (mg/L) in WW and CM during plant growth. 
 
Phosphate-phosphorus: Phosphorus concentration decreased in the WW tubs from about 12.9 in both WW tomatoes 
and pansies to 3.04mg/L for the first 35 days while the drop was not drastic in CM. After the 42nd day, the 
concentration fluctuated in all tubs as is shown in figure 4. 
 
Figure 4 Changes in phosphate-phosphorus levels (mg/L) in WW and CM during plant growth. 
 
Microbial quality: Table 1 shows the number of colony forming units of E.coli and Salmonella sp. During growth 
periods, the bacteria have either died or reduced with time. 
 
Table 1 Colonies of E.coli and Salmonella sp. (cfu/100mL) in wastewater medium. 
 
















 Day 7 Day 14 Day 21 Day 7 Day 14 Day 21 Day 28 





CM Pansy 2 132 0 8 162 0 0 
Tomato 308 0 0 0 4 0 0 
  Pansy 142 16 0 0 0 0 0 
 
Plant growth (height, cm): There is not much difference in the growth (height) between the tomatoes grown in 
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Figure  5 Comparison of average height (cm) between plants grown in WW and CM. 
 
Number of leaves, flowers and fruit: Overall, the tomatoes grown in WW and CM increased at approximately the 
same rate. With the pansies, the ones grown in the CM had a better growth rate as can be seen in table 2. 
 
Table 2  Production of  flowers and fruits with the total WW and CM used 
 















































The present study showed that the nutrient levels in the wastewater decreased during the growth of plants. The 
percentage reduction was more when the plants were larger. The decrease was more rapid in the WW than the CM. 
The decrease in pH noted in all the media for the first 21 days (figure 1) when it began to stabilise, could be due to 
the fact that when the plants were smaller nitrification may not have occurred. The fluctuations between the 21st and 
49th day possibly resulted from different flowering rates of the plants in which take up varying amounts of nutrients, 
similar to the nitrification process (Pierce, et al., 1998). The Australian Capital Territory Government (1999) requires 
that the pH levels be between 6.5 and 8 for disposal. The final pH in the WW tomato tub (6.88) and the CM tomato 
(7.68) complies with this regulation. However, the WW pansy tub had a lower pH (3.99), which can result in 
micronutrient toxicity (Whipker, et al., 2002). The CM pansy tub pH also reduced (6.11), which can result in Boron 
or Iron deficiencies (Whipker, et al., 2002). The reduction in pH could be due to the smaller rate of uptake shown by 
the stunted growth of plants or the decay of plants. 
As plants are only able to take up nitrate-nitrogen, the conversion of ammonium to nitrate-nitrogen in the process 
of nitrification is essential. This is where aerobic decomposition microbes convert ammonium to nitrate-nitrogen. The 
absolute maxima nitrogen concentration (280.5mg/L) shown in figure 2 for the tomato CM relates to the low 
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ammonium-nitrate concentration (0.0253mg/L), shown in figure 1, as nitrification may have occurred. After the 
change in medium on the 42nd day, the highest nitrate-nitrogen and lowest ammonium concentrations were recorded, 
which can be attributed to plant death in both pansy media. After this day, the concentration of both nutrients 
reduced. The final nitrate-nitrogen concentration acceptable for irrigation is required to be between 10mg/L and 
50mg/L (Australian Capital Territory Government, 1999), the levels in WW tubs (tomato tub was 8.8mg/L and in the 
pansy tub was 45.1mg/L), were within these guidelines.  
Organic phosphorus is converted by the bacterial activity into mineral phosphorus that can be assimilated by the 
plants. Particulate phosphorus possibly removed by filtration or sorption into the root system (Noström, et al., 2003; 
Valliant, et al., 2003). There is an increase in the 42nd day (figure 4) which could be attributed to the addition of 
media in the tubs. From the 42nd day to the 84th day, large fluctuations in all the tubs except the WW tomatoes were 
noticed, possibly due to the release of phosphates within the particles suspended in the media (Chambers, et al., 
1997). Increase in the phosphorus concentrations may also be due to a reduction in growth rate of the plants 
(Redding, et al., 1997), thereby reducing the amount of phosphorus uptake. 
The highest reductions in nutrient levels over a one week period occurred between weeks 1-5 in the tomatoes 
(ammonium-99.1%, nitrate-nitrogen-91.87% and phosphate-phosphorus-74.42%). It is probably at this time the 
plants were starting their growth (table 1.2) causing an increase in uptake to support growth. It is also at this time that 
the wastewater pansies experience the largest reductions in nutrients (nitrate-nitrogen–38.82% and phosphate-
phosphorus–74.03%) with the exception of ammonium which occurred in weeks 6-8 (77.59%). This increase may be 
due to the initial growth of the plant as well as the bulk of the flower production occurring, seen from table 2 where 
the flower production began in week 4.  The CM tomatoes and pansies did not follow the same pattern as the WW.  
The reductions of nutrient occurred at different growth stages with CM tomatoes, ammonium weeks 1-5 (99.03%), 
nitrate-nitrogen weeks 9-12 (96.08%) and phosphate-phosphorus weeks 6-8 (86.27%). The reduction in CM pansies 
occurred in weeks 6-8 ammonium (100%), 9-12 for nitrate-nitrogen (22.06%) and there was no reduction detected in 
those weeks in phosphate-phosphorus.  The CM nutrient reductions may be due to the different requirements during 
the different growth periods of the plants.  
Due to concerns to human health and safety regarding reusing wastewater bacteriological quality of the water must 
be measured. Any potential disease outbreak that would be attributed to reuse of wastewater would result in loss of 
public confidence and acceptance, which may retard the progress of water reclamation in Australia (Wall, et al., 
2002). An indicator species Escherichia coli is used in order to detect any bacteriological activity. In the first growth 
phase (table 1.1), there was presence of both bacteria, E.coli and Salmonella, however a complete die off occurred by 
the 21st day. Wall, et al., (2002) observed that the presence of indigenous groundwater micro-organisms significantly 
reduced the pathogen survival time. The growth of indigenous bacteria would have assisted in the pathogen die off in 
the system. According to the Australian Capital Territory Government (1999), the recommended levels of colony 
forming units (cfu) should be 10cfu/100mL if the effluent is in direct contact with food. The final count for both 
bacteria satisfied this criterion in approximately 28 days, thus this water can be reused for purposes such as irrigation 
as opposed to simply discharging it. Easa et al., (1995) found that a retention period of 21 days is required, which 
ensures that the coliform bacteria count is within the guidelines set by NHMRC. From the results, this occurred at 
approximately the same time that all the indicator bacteria were absent in the samples.  
Malkawi & Mohammad (2002), found no significant difference between the aerobic bacterial counts in soil 
irrigated with secondary treated wastewater and potable water. The WW used in this experiment has undergone 
secondary treatment in the BioMax system and its’ use is more advantageous as it still contains nutrients that plants 
are able to take up. Use of potable water may require the application of artificial fertilisers. 
Plant growth in tubs grown in WW and CM were similar, this can be seen from figure 3.  The total weight of 
tomatoes (table 2) in both media were equivalent, indicating that the growth and production of flowers and fruits were 
comparable. The observations conducted during the study showed that there was a reduction in growth rate of all 
WW pansies and yellowing of leaves was observed. The most likely scenario is that the WW was lacking in micro-
nutrients such as iron, which may be required for flowering and/or fruit production. Farm note (1984) describes iron 
deficiency, as yellowing of leaves and this may be the reason for discolouration. Crop production using secondary 
treated effluent (wastewater hydroponics) is a viable option as this ensures that the nutrients are utilised. In remote 
arid communities, this is especially important as the community is reusing their wastewater for crop production and 
the effluent from this system can be used for further irrigation. Since the growth of pansies in size during the first five 
weeks were similar to that grown in hydroponics’ medium, there is a potential for using treated wastewater for 
nursery use also. From 134 L of WW, 1.15kg of tomatoes were produced which illustrates the potential for 
wastewater reuse in arid and remote communities. 
As water is becoming scarce in many parts of the world, for agriculture, the results of this experiment 
demonstrates wastewater reuse through hydroponics is an ideal option to alleviate stress on existing resources, and as 





The study showed that the chemical and microbial quality of the effluent met the guidelines set by the Australian 
Capital Territory Government (1999). The production of the tomato fruits in both media was similar. The growth of 
the tomato plants was much better than the pansies in the wastewater. This may be due to lack of micro-nutrients and 
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